Introduction
There were numerous famines during the twentieth century. 11 The largest of these was China's 1959 China's -1961 famine which resulted in about 30 million excess deaths. 22 Previous research has focused on estimating excess mortality; however, there were undoubtedly important effects on the livings as well. 33 In particular, children born during the famine may have suffered from malnutrition in the initial years of life, resulting in adverse long term health effects and then influencing economic and social attainments as adults. In this paper, I investigate the long term effects of China's 1959 China's -1961 famine on the education, labor supply, and the wealth of rural Chinese women and men who were exposed to the famine in the first year of life. Children's health was damaged due to insufficient nutrition intake in the famine. This health shock may have had a long term effect simply because it persists over time. The health shock could also affect other outcomes such as educational attainments andChinese data on the impact of early life conditions on adult outcomes. Almond and Chay (2006) found that better conditions in early life for U.S. black women led to better health in adulthood and higher birthweight of the women's children. Behrman and Rosenzweig (2004) used the U.S. data to exploit intrauterine nutrient intake differences between monozygotic female twins. They found a strong impact of fetal growth on schooling attainment and height. Royer (2009) documented long-run and intergenerational effects of birthweight differences between twins. Almond (2006) found that U.S. cohorts who were in utero during the 1918 influenza pandemic had worse adult outcomes as they aged than cohorts born just before and after the pandemic in terms of educational attainment, physical disability, socioeconomic status and mortality. Lindeboom, Van den Berg, and Portrait (2006) showed that poor macroeconomic conditions in early life reduced longevity in the Netherlands. Alderman, Hodinott, and Kinsey (2006) found that rainfall shocks and exposure to war affected early-life nutrition and later height and schooling levels of young adults in Zimbabwe. Maccini and Yang (2009) found that higher early-life rainfall had a positive effect on the adult outcomes of women but not of men, using Indonesian data.
The rest of this paper is organized as follows: Section 2 provides backgrounds of the famine. Section 3 describes the data sources, sample and variables used. Section 4 presents the empirical strategies and results. Section 5 discusses, and Section 6 concludes.
1959-1961 famine
After the People's Republic of China was founded in 1949, the central government adopted a heavy-industry-oriented development strategy in order to quickly catch up to western countries. At the same time, it started agricultural collectivization to replace traditional family farms with collectively managed production teams. From 1952 to 1958, agricultural and industrial outputs increased continuously and dramatically. Prompted by this success and a desire to surpass developed countries, Chairman Mao launched the Great Leap Forward to accelerate economic growth. In rural areas, the People's Commune movement was launched on a full scale in the summer of 1958. The People's Commune created huge collectives and eliminated all private ownership; it also provided free food through large commune mess halls. The Communist Party told the people that China would soon enter the communism stage when people could get whatever they needed; however, the country was in crisis only one year later.
Beginning in the winter of 1958, starvation was observed in Sichuan and Anhui provinces. By the spring of 1959, starvation became widespread. The estimated daily availability of food energy per capita during this period decreased considerably to about 1800 calories, reaching a low point of only 1500 calories in 1960. 5 A study using demographic data released after the start of economic reforms concluded that this crisis resulted in about 30 million excess deaths. 6 From Fig. 1 , we can see that the crude death rate 7 dramatically increased between 1959 and 1960. Facing such a severe famine, parents might decide not to have children or delay having children, and weaker women might not be able to conceive. According to Peng (1987) , total fertility up to age 39 was about 5.6 births per woman in pre-famine years, but it dropped to its lowest historic level, 3.06, in 1961. From Fig. 1 , we can 5 Ashton et al., 1984. 6 Ashton et al., 1984. 7 Crude death rate is defined as number of deaths per 1000 people. I call it death rate for simplicity in this paper. The source and construction are discussed later. Death rate&Birth rate(0.1%) 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 Year death_rate birth_rate National Death Rate and Birth Rate Source: China National Bureau of Statistics see that the crude birth rate 8 dropped sharply between 1959 and 1961. Both the increase in the death rate and the decrease in the birth rate led to a dramatic decrease in the population between 1959 and 1961, shown in Fig. 2 . Although the famine occurred nationally in 1959-1961, there was a large regional variation. 9 Table 1 shows death rates in 1959-1961 across provinces. We can see from this table that the most severe famine in 1959 occurred in Sichuan province where the death rate was 4.7%; however, the lowest death rate (0.78%) was observed in Shanghai City. In 1960 when the famine was the most severe nationally, variation across provinces was still large. Anhui province became the province with the highest death rate (6.86%), while Shanghai City still had the lowest death rate (0.69%). In 1961 when the famine was nearing its end, Sichuan province had the highest death rate of 2.94% and Shanghai City still had the lowest death rate of 0.77%. In January 1962, the government abandoned its radical policies. The policy focus was shifted from steel production back to agriculture. As a result, grain output started to grow in 1962; in the same year, the famine ended. From Fig. 1 , we can see that the death rate resumed its normal level immediately when the famine ended in 1962. However, the birth rate did not return to its normal level right away. There was a dramatic increase in the birth rate in 1962 and it reached the highest point in 1963. There are two possible reasons: parents postponing having children in the famine might have started to have children when the famine ended, and those women not able to conceive during the famine recovered their fertility when they had enough nutrition intakes after the famine ended. This dramatic increase after the famine can be thought of as compensatory birth. After 1963, the birth rate decreased and went back to its normal level.
Data

Population census data
The data used in this paper are from a 0.095% random sample drawn from the China's 5th National Population Census conducted by the China National Bureau of Statistics in 2000. This sub-sample includes 1,180,111 observations, covering all of China's 31 provinces.
10 There are 604,050 (51%) men and 575,769 (49%) women in the sample.
Because of the government's preferential treatment of urban residents, the effects of the famine on urban residents were not nearly as pronounced as on rural residents. In addition, children's educational attainments were disrupted by the Great Proletarian Cultural Revolution 11 from 1966 to 1976 in urban regions. 12 I therefore restrict the study to individuals born in rural areas.
stockpiles, the lack of food was much more devastating in rural than in urban areas. Because of the variation in the proportion of rural population, population density, exposure to natural disaster, and provincial response to food shortages, exposure to the famine also varied greatly across provinces. (Ashton et al., 1984; Lin & Yang, 2000) . 10 The population census does not include Hongkong, Macao, and Taiwan. 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 Year Population Source: China National Bureau of Statistics Population(million) However, the census data only include information about whether individuals were living in rural or urban regions in 2000, but not record whether these individuals were born in rural or urban regions. I therefore restrict the sample to those individuals who lived in rural regions and had an agricultural hukou (household registration booklet) in 2000. Due to China's household registration system, the probabilities for these individuals to be born in rural regions are very high.
13
Chongqing was an independent municipality directly under the jurisdiction of the central government in 2000, but it was a city of Sichuan province before 1997. In addition, Hainan was a province in 2000, but it was a part of Guangdong province before 1988. Therefore, I treat Chongqing as a part of Sichuan province but not as an independent municipality and treat Hainan as a part of Guangdong province but not as an independent province in this paper. Because of limitations in the death rate data, I removed people born in Tibet. Individuals born in Tibet only account for 0.2% of the total sample, so dropping them should not lead to a selection problem. Since I am investigating the effects of early life conditions on individuals' adult outcomes, so those born between January 1954 and December 1961, that is, 39 to 46 years old in 2000, are used for analysis. The rationale not to include cohorts born after the famine in the analysis is to avoid the potential negative selection after the famine. I will discuss the negative selection in more details in Section 4.1.
The final sample used in this paper therefore includes individuals born between January 1954 and December 1961, living in rural regions and having an agricultural hukou in 2000, excluding individuals born in Tibet. Table 2 shows the distribution of this sample by birth provinces.
Population census data include individual's birth province, birth year and birth month. I use the birth province to link adult's outcomes with provincial famine shocks in early life. The birth year and birth month can be used to more precisely identify the timing of when individuals were affected by the famine. In this paper, I investigate the effects of the famine on three types of outcome variables. The first type is about human capital, measured by years of schooling and an indicator about whether the individual completed high school; the second type is labor supply, measured by the number of work days from October 25 to October 31 in 2000; the third type is household wealth, measured by the average number of rooms per capita and the average housing areas per capita. For specific variable definitions, see the Data Appendix.
Famine intensity data
The measurement of famine intensity is generated from provincial death rates in different years. I obtain provincial death rates from China Compendium of Statistics: 1949 Statistics: -2004 which was compiled and published by the China National Bureau of Statistics. In 13 Chan & Zhang, 1999; Chan, 2009 . EDRs in other years are zero. Table 3 shows the estimated excess death rate for each province in 1959-1961. The bottom row in Table 3 shows the average value of EDRs for the whole country. We can see that the highest average excess death rate appeared in 1960 (1.2%) and the lowest average excess death rate appeared in 1961(0.3%). The average excess death rate was 0.4% in 1959. This is consistent with the famine pattern, that is, the most severe famine happened in 1960 and the famine was coming to its end in 1961.
Cohorts born in different months spent different time in the famine. For example, an individual born in October 1958 spent 9 months of the first year of life in the famine, while an individual born in December 1958 spent 11 months of this period in the famine. I therefore calculate famine intensity experienced for cohorts born in province j in month m of year t and experiencing famine in different years using the following method, which is also consistent with the method used in Almond et al. (2007) :
months spent in year z ð Þ mt 12 Ã EDR jz 14 In addition to this definition, I also construct another form of EDR which is defined as the deviation of death rates in the famine years from the average death rates in 1954-1958 in each province. All the results shown in this paper are robust to the change of EDR definition. These results are available under request. Here, FI jmt is the famine intensity experienced by cohorts born in province j in month m in year t. months spent in year z ð Þ mt is the number of months in the first year of life spent in the famine year z by cohorts born in month m in year t. z equals to 1959, 1960 or 1961 . 12 is the total number of months in the first year. Therefore, famine intensity assigned to each individual is actually a weighted average of different annual excess death rates, using the number of months in the first year of life spent by this individual in each famine year as weights. Table 4 reports selected summary statistic of the sample used for analysis. Since I restrict the sample to cohorts born between 1954 and 1961, the average ages of men and women were very close to each other, both about 43 in 2000. Women's education level was lower than men's. Only 5.23% of women completed high school and on average they finished 6.09 years of schooling. In contrast, 14.09% of men completed high school, with an average of 7.96 years of schooling. Men also performed slightly better than women in the labor market: men worked 5.67 days while women worked 5.10 days from October 25 to October 31 in 2000. However, women's living conditions, which are used to measure wealth, were slightly better. Women were on average living in households with 0.92 rooms per capita and 27.71 square meters housing area per capita, while on average men were living in households having 0.86 room per capita and 25.76 square meters housing area per capita. The last row reports the mean value of famine intensity experienced by individuals affected by the famine in the first year of life. We can see that the average values of famine intensity are 0.56% and 0.57% for men and women respectively. Since this variable is calculated based on excess death rates in provincial level, it is natural for them to be close to each other. 
Empirical strategies and results
Empirical strategies
In examining the relationship between the famine experienced in the first year of life and adult outcomes, I seek to isolate effects of the famine on the cohorts experiencing the famine in the first year of life. I also seek to isolate deviation of adult outcomes from the mean in one's birth province as well as from the mean of the national birth cohort. Because particular provinces in China may be subject to slow-moving changes over long periods of time (reflecting, for example, different rates of economic development), I also try to isolate variations in a person's outcomes that diverge from the long-running trends in his or her birth province.
In order to identify the impacts of the famine, I combine two variations: different famine intensities across provinces and comparison between cohorts experiencing and not experiencing the famine in the first year of life. The identification strategy essentially follows the idea of difference-in-difference. One concern about this strategy lies in the possibility of endogenous variation of famine intensities across provinces. In a recent study by Li and Yang (2005) , they evaluated contributions of different factors to the dramatic drops in grain outputs which led to the famine. They found that Great Leap Forward policies, specifically diversion of resources from agricultural production and excessive procurement, contributed more than 50%. According to Yang (1996) , provincial leaders' political attitudes in the Great Leap Forward determined how radically they implemented these policies. The OLS estimates could be biased if different provincial leaders' political attitudes affected the adult outcomes of children born in the famine in different provinces through channels other than the famine. In order to check this issue, I follow the method used in Duflo (2001) . Specifically, I include in the regression interactions of provincial leaders' political attitudes in the Great Leap Forward with a dummy variable indicating whether the individual was affected by the famine in the first year of life. I use the ratio of Chinese Communist Party (CCP) members in the population in 1957 and the ratio of population accommodated by commune mess halls in 1959 to measure provincial leaders' political attitudes in the Great Leap Forward. As argued in Yang (1996) , areas having lower ratio of CCP members in the population were more likely to be taken over later by CCP, their leaders therefore tended to be more radical than the leaders of old revolutionary areas in order to show their political loyalty in the Great Leap Forward; while having lower ratio of population accommodated by commune mess halls might represent lower economic development, therefore the provincial leaders tended to use more radical policies in order to catch up to other areas.
Finally, the regression I estimate is the following reduced-form linear relationship between adult outcomes Y ijmt of an adult i born in province j in month m of year t and independent variables:
The coefficient of interest is β 1 which shows the impact of the famine intensity experienced in the first year of life, FI jmt , on adult outcomes; Politics is a vector including two variables: the ratio of CCP members in the population in 1957 and the ratio of population accommodated by commune mess halls in 1959. Dummy ijmt is a dummy variable for individual i born in province j in month m of year t. It equals 1 if individual i was affected by the famine in the first year of life. λ jt TREND is a time trend specific to the province, which absorbs the long-run time trends in the outcomes that may vary depending on the province (TREND is a time trend, and the coefficient λ jt allows the time trend to vary across provinces). I use two forms of time trends: one is a linear time trend and the other one is a quadratic time trend (including a linear term and its square). μ j is birth province fixed effect, δ t is birth year fixed effect, and ε ijmt is an individual-specific error term with mean equal to zero. Since individuals in the same province experienced the same or similar measured famine intensity, according to Moulton (1986) and Bertrand, Duflo, and Mullainahtanm (2004) , serial and spatial correlations among the error terms lead to a downward bias in the OLS standard error estimates. Therefore, standard errors calculated in this paper allow for an arbitrary variance-covariance structure within birth provinces (standard errors are clustered by birth province).
In this paper, special attention should be given to likely directions of any selections. A potential worry is that the famine might affect the likelihood of children's survival, and those whose survival was induced by the famine could have different initial characteristics from the overall population of births in a locality in a particular year. During the famine, parents might have postponed giving birth to a child or aborted fetus if they felt unable to provide enough support for children. Even they chose to give birth to a child, women might not be able to conceive because of "famine amenorrhea" due to insufficient nutritional intake and subsequent poor health during the famine.
15 Therefore, children conceived and born in the famine should have better family backgrounds and healthier mothers, leading to positive selections. Fortunately, China 2000 Population Census collected information of individuals' birth months and birth years, using which I can identify a group of individuals who were affected in the first year of life by the famine but whose parents' fertility (including their decisions about whether to give birth to a child and the possibility for women to conceive) was not affected by the famine. Such individuals were born between February 1958 and June 1959. For example, if an individual was born in February 1959, then he or she should be conceived in April 1958 when the famine had not started, therefore their parents' fertility was not affected by the famine; but this individual was affected by the famine in the first year of life. One might notice that although individuals born between July 1959 and October 1959 were also conceived before the famine, I do not include them in this group. It is because when the famine started, these individuals were in the first five months in utero when the fetus could still be aborted and their parents' decision about whether to abort the fetus might be affected by the famine. Therefore, these individuals could not be free from fertility selections. However, one caveat we need to bear in mind is that there were other selection effects caused by the famine. In the famine, weaker children would die because of insufficient nutrition intakes, leading to a positive selection. Since data used in this paper are from 2000 Population Census, people should be still alive in 2000 in order to be included in the survey. If cohorts affected by the famine in the first year of life are more likely to die, only those stronger people can be included in the data, leading to another positive selection. One other selection might come from migration during the famine. If people migrated from regions with more severe famine to regions with less severe famine, then the estimated famine effects would be biased toward zero. Because of data limitation, I cannot control for these selections. Therefore, the estimated effects of the famine in this paper can be thought of as a low bound of true effects.
From Fig. 1 , we can see that there is a dramatic increase in the birth rate right after the famine. One explanation could be that those parents postponing having children in the famine started to have children after the famine ended, leading to a negative selection of children conceived and born after the famine. For the sake of clean comparison, I do not include cohorts born after the famine in the sample for analysis.
According to the above analysis, cohorts born between February 1958 and June 1959 are used as a treatment group in this paper. They were affected by the famine in the first year of life but not affected by the fertility selections. Cohorts born between January 1954 and January 1958 are used as a control group. Individuals in this group were not affected by the famine in the first year of life.
In order to see how positive fertility selections affect the estimated famine impacts, I re-estimate the regression functions using a different sample. In the new sample, cohorts born between July 1959 and December 1961, therefore affected by the famine in the first year of life and fertility selections, are used as a treatment group; while the control group is kept the same. If the estimated impacts of the famine become weaker, then it provides evidence for the existence of positive fertility selections. Table 5 presents regression results from estimating Eq. (1) for a variety of outcome variables using the first sample described above, that is, cohorts born between January 1954 and June 1959. The results presented in Table 5 are not contaminated by fertility Table 5 Effects of the famine after controlling for fertility selections. selections. This table is divided into upper and bottom panels. In the upper panel, estimates are from regressions using the sample of women. In the bottom panel, the estimates come from regressions using the sample of men. For each outcome in each panel, the coefficient of famine intensity experienced in the first year of life is presented. Standard errors are presented in parentheses. For brevity, regression coefficients for the constant term, the interactions of provincial variables (including the ratio of CCP members in the population in 1957 and the ratio of population accommodated by commune mess halls in 1959) with a dummy variable indicating whether the individual was affected by the famine in the first year of life, the large numbers of fixed effects and the provincial time trends are not shown. In columns 1 to 5, I control for provincial linear time trends, while I control for provincial quadratic time trends (including a linear term and its square) in columns 6 to 10. When discussing results, I focus on the coefficient of the famine intensity and discuss the impacts of per 0.1 percentage point increase of excess death rate (the unit of excess death rate is 10% in the data used for regressions), meaning 0.1 percentage point deviation of death rate in the famine from the predicted normal level. This format will be followed in subsequent tables. Columns 1 and 2 in the upper panel show the impacts of the famine on the educational attainments of women experiencing the famine in the first year of life. I use years of schooling (column 1) and the probability to complete high school (column 2) to measure educational attainments. The coefficient shown in the first column is 0.436, but not statistically significant. However, the coefficient in the second column is − 0.089 and statistically significant at 1% level. Since the unit of excess death rate in the data is scaled to 10%; therefore, it means that with 0.1 percentage point increase of excess death rate, the probability for women to complete high school is 0.09 percentage point lower. 16 Since the average value of famine intensity experienced by women in the first year of life is 0.57% (shown in Table 4 ), then we can know that on average exposure to the famine in the first year of life reduced women's probability to complete high school by 0.5 percentage point. Column 3 shows the impacts of the famine on the labor supply of women affected by the famine. Labor supply is measured by the number of work days from October 25 to October 31 in 2000. The coefficient is equal to 0.430 and not statistically significant. In addition to educational attainments and labor supply, I also investigate the effects of the famine on wealth. I use the average number of rooms per capita (column 4) and average housing areas per capita (column 5) to measure wealth. The coefficients shown in these two columns are both negative and statistically significant. The coefficient in column 4 (for the average number of rooms per capita) is equal to − 0.602 and significant at the 1% level; and the coefficient in column 5 (for average housing areas per capita) is equal to − 7.053, significant at the 5% level. With 0.1 percentage point increase of death rate in the famine from the normal level, the average number of rooms per capita decreases by 0.006 and average housing areas per capita decrease by 0.07 square meters, meaning on average exposing to the famine reduced the average number of rooms per capita by 0.034 and the average housing areas per capita by 0.399 square meters. There are two possible ways for the famine to affect household level variables; one works in a direct way: women affected by the famine had lower education, as shown in columns 1 and 2, which could reduce the income they were able to earn and contribute to the family; the other might go through an indirect way: women exposed to the famine in the first year of life were less educated, so they might marry to men having lower education level and thus lower income, reducing the household wealth as well.
Effects of the famine controlling for fertility selections
In columns 1 to 5, I control for linear provincial time trends. One might be concerned that provincial time trends might not be linear; therefore, I control for quadratic provincial time trends (including a linear term and its square) in columns 6 to 10. The coefficient in column 6 (for years of schooling) is still positive (0.127) but not statistically significant; and the coefficient in column 7 (for the probability to complete high school) is negative (− 0.071) and statistically significant at 5% level. Then we can see from column 8 that the famine did not have significant effects on women's labor supply, and the coefficient is equal to −0.207. The coefficient in column 9 (for the average number of room per capita) is −0.479 and it is statistically significant at 5% level. And column 10 shows that the coefficient for average housing areas per capita is − 7.337 and statistically significant at 10% level. From these results shown in columns 5 to 10, we can see that besides that the pattern of coefficients' significance level keeps the same, the magnitudes of the statistically significant coefficients do not change much, showing that the results are robust to different provincial time trends used.
The bottom panel in Table 5 shows the regression results using the sample of men. In columns 1 to 5, I control for linear provincial time trends. We can see that none of the coefficients are statistically significant. Out of five outcome variables, there are two positive coefficients: 0.032 in column 1 (for years of schooling) and 0.101 in column 4 (for the average number of rooms per capita); while there are three negative coefficients: −0.040 in column 2 (for the probability to complete high school), −0.225 in column 3 (for labor supply), and −1.154 in column 5 (for average housing areas per capita). In columns 6 to 10, I control for quadratic provincial time trends. We can see the same pattern, that is, the coefficients of the famine intensity experienced by men in the early life are not statistically significantly different from zero. There is only one positive coefficient this time: 0.408 in column 6 (for years of schooling). And there are four negative coefficients: −0.008 in column 7 (for the probability to complete high school), −0.435 in column 8 (for labor supply), −0.114 in column 9 (for the average number of rooms per capita), and −3.483 in column 10 (for average housing areas per capita). From the bottom panel in this table, we can see that the famine effects on men are much weaker than on women. It is consistent with a gender bias model in which available resources are given to boys in bad times.
17
16 Linear probability models are fit in this paper, but I also fit Logit models to calculate the marginal effects for binary dependent variables. Most of the marginal effects calculated using Logit models do not change much compared with those estimated using linear probability models. The results from Logit models are not shown in this paper, but available under request. 17 Dreze & Sen, 1989; Behrman, 1988; Rose, 1999; Alderman & Gertler, 1997; Duflo, 2003; Cameron & Worswick, 2001; Jayachandran, 2008; Maccini & Yang, 2009. One might be concerned that since the selection from the death of weaker children in the famine could not be controlled for in this paper, the insignificant effects of the famine on men might be driven by stronger selection effects on men if boys were more likely to die than girls during the famine. In order to test this, I regress a female indicator on famine intensity experienced in the first year of life after controlling for birth province fixed effects, birth year fixed effects, the interactions of provincial variables (including ratio of CCP member in population in 1957 and ratio of people accommodated by commune mess halls in population in 1959) with a dummy variable indicating whether the individual was affected by the famine in the first year of life, and provincial time trends. Table 6 shows the regression results. From this table, we can see that effects of the famine on the proportion of women in the sample are not significant, whether linear provincial time trends (column 1) or quadratic provincial time trends (column 2) are controlled for. This means that there is no systematic difference between the survival of boys and girls in the famine. Therefore, the insignificant effects of the famine on men should not be driven by the stronger selection effects of the famine on men.
I also estimate the same specification as in Table 5 without controlling for the interactions of provincial variables (including the ratio of CCP members in the population in 1957 and the ratio of population accommodated by commune mess halls in 1959) with a dummy variable indicating whether the individual was affected by the famine in the first year of life. The coefficients of the famine intensity experienced in the first year of life do not change much. 18 Although it does not necessarily mean that the famine intensities across provinces were not correlated with provincial leaders' political attitudes, it could provide some evidence suggesting that provincial leaders' political attitudes might not affect children's outcomes in adulthood through channels other than the famine, alleviating, if not eliminating, concerns about endogenous problem in OLS regressions.
Effects of the famine allowing for positive fertility selections
In Table 7 , I investigate the effects of the famine on women and men, but not controlling for positive fertility selections. The sample used in Table 7 includes cohorts born between January 1954 and January 1958 and cohorts born between July 1959 and December 1961. The former group is not affected by the famine in the first year of life and therefore used as a control group; while the latter group is used as a treatment group, in which individuals were affected by the famine in the first year of life and fertility selections. If the estimated effects of the famine become weaker, then it provides evidence for the existence of positive fertility selections in the famine.
We can see from Table 7 that the coefficients in column 2 (for the probability to complete high school), column 4 (for the average number of rooms per capita), and column 5 (for average housing areas per capita) are statistically insignificant now; while the corresponding coefficients in Table 5 are statistically significant. And compared with those in Table 5 , the magnitude of these three becomes smaller: the coefficient in column 2 changes from − 0.089 (in Table 5 ) to − 0.003, the coefficient in column 4 changes from −0.602 (in Table 5 ) to − 0.161, and the coefficient in column 5 changes from − 7.053 (in Table 5 ) to − 3.932. The coefficients in column 1 (for years of schooling) and column 3 (for labor supply) are still statistically insignificant, which is the same as shown in Table 5 . We can see the same pattern after I control for quadratic provincial time trends. The results are shown in columns 6 to 10 in the upper panel in Table 7 . No coefficients are statistically significantly different from zero. The coefficient in column 7 (for the probability to complete high school) is −0.004 (changing from −0.071, statistically significant at 5% level in Table 5 ), the coefficient in column 9 (for the average number of rooms per capita) is − 0.167 (changing from −0.479, statistically significant at 5% level in Table 5 ), and the coefficient in column 10 (for average housing areas per capita) is −4.074 (changing from −7.337, statistically significant at 10% level in Table 5 ). We can see from the above that all these three coefficients become from statistically significant in Table 5 to insignificant in Table 7 and the magnitudes of the coefficients also become smaller. The coefficients in columns 6 and 8 keep statistically insignificant. Therefore, if we do not control for fertility selections in the famine, Table 6 Effects of the famine on the proportion of women in the sample. Standard errors are calculated by clustering in province level; *significant at 10%; **significant at 5%; ***significant at 1%. Note:
(1) Birth year fixed effects, birth province fixed effects, and interactions of provincial political variables (including ratio of CCP member in population in 1957 and ratio of people accommodated by commune mess halls in population in 1959) with an indicator for being affected by the famine in the first year of life are included in all specifications. (2) Logit models are also fit for dependent variable in this table. Marginal effects calculated from the Logit models do not change much compared to those shown in this table. the estimated effects of the famine on women experiencing it in the first year of life become weaker. It provides evidence for the existence of positive fertility selections in the famine. As shown in the bottom panel in Table 7 , all the coefficients estimated using the sample of men are still insignificant, whether we control for linear provincial time trends (columns 1 to 5) or quadratic provincial time trends (columns 6 to 10). And the coefficients in columns 2, 3, 5, 7, 8, 9 and 10 become from negative in Table 5 to positive in Table 7 , providing some evidence for the existence of positive fertility selections, it is not as strong as that shown in the results using the sample of women though.
By comparing the results in Tables 7 and 5 , especially those using the sample of women, we can see that positive fertility selections in the famine did exist and led to a downward bias of the estimates of famine effects if we do not control for them.
Comparison with results from other papers
Recently, there are many papers studying the same topic as this paper. In this section, I compare my estimates with estimates from two other papers: Chen and Zhou (2007) , which was published, and Almond et al. (2007) , which used a 1% sample from China 2000 Population Census, compared to a 0.095% sample from the same census used in this paper.
Using CHNS (China Health and Nutrition Survey) data, Chen and Zhou (2007) found that the famine had significantly negative effects on labor supply of individuals born in 1959 and 1960. While in this paper, I do not find any significant effects of the famine on labor supply. One possible reason for the difference could lie in the fact that labor supply is measured differently in Chen and Zhou (2007) and in this paper. Chen and Zhou (2007) used annual total working hours to measure labor supply; while labor supply in this paper is measured by the number of work days during October 25 and October 31 in 2000. Measured in a much shorter period, labor supply in this paper is more likely to be affected by some accidental factors happening during this period, causing imprecise estimates of the famine impacts. This paper finds that the famine had significantly negative effects on women but not on men in terms of housing area per capita. While Chen and Zhou (2007) found that on average the famine had significantly negative effects on the housing area per capita of individuals affected by the famine, but they did not go further to check whether the famine effects were different for men and women. Standard errors are calculated by clustering in province level; *significant at 10%; **significant at 5%; ***significant at 1%. Note:
( The only common outcome variable investigated in Almond et al. (2007) and this paper is housing area. 19 Both papers find that the famine reduced housing area of cohorts affected more by the famine in early years of life. However, Almond et al. (2007) found that the famine had significantly negative effects on both men and women, while this paper only finds significantly negative effects of the famine on women but not on men. One possible reason could lie in the fact that Almond et al. (2007) investigated the famine effects on cohorts experiencing the famine in utero while this paper examines the famine effects on cohorts experiencing the famine in the first year of life. Without knowing the gender of the fetus, 20 parents could not treat boys and girls differently, leading to the similar effects of the famine on boys and girls. However, knowing the gender after the baby was born, parents favoring boys, which was very common in rural areas in China, might spend more resources on boys than on girls, causing different effects of the famine on boys and on girls. Therefore, finding different effects of the famine on men does not mean that there are any conflicts between results in Almond et al. (2007) and in this paper. On the contrary, since Almond et al. (2007) and this paper examine different periods in the early years of life affected by the famine, results found in these two papers could be considered as complementary.
Discussions
Are the results driven by post-famine shocks?
Since I am investigating the impacts of the famine on the individuals' outcomes about forty years later, one might be concerned that there was some other big shock such as the Great Proletarian Culture Revolution (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) which might be related with the famine and affect individuals' outcomes as well, leading to a bias in the estimation. If provinces having more severe famine also experienced more intense political movements in the Proletarian Culture Revolution, perhaps due to their leaders' more radical political attitudes, and if the Proletarian Culture Revolution had negative effects on individuals' outcomes like educational attainments, 21 then our estimates of the famine effects would be upward biased. In this section, I do a pseudo test to show that it is not going to be the case. The logic of this pseudo test is as follows: if the estimated famine effects on individuals born in rural areas are not the true effects of the famine, but totally driven by the Cultural Revolution; then if we estimate the regression function using individuals born in the urban areas, we should also see the similar results as those estimated using rural sample since the Cultural Revolution affected the urban areas. If we do not see similar results, then it provides some evidence showing that the Cultural Revolution would not be the underlying factor driving the results. I therefore estimate Eq. (1) using an urban sample. 22 Table 8 shows the estimated results. As before, I control for linear provincial time trends in columns 1 to 5 while I control for quadratic provincial time trends in columns 6 to 10. We can see results using the sample of women first. All the signs of the coefficients, except for the coefficients in column 1 and column 6 (both for years of schooling), are the opposites of those in Table 5 . And the coefficient in column 9 (for the average number of rooms per capita) becomes significantly positive (0.209, at 5% level). For men, except for the signs of coefficients for years of schooling (columns 1 and 6), labor supply (columns 3), average number of room per capita (column 9) and average housing areas per capita (column 10), all other coefficients' signs are the opposites of those in Table 5 . And none of them are statistically significantly different from zero either. Results shown in Table 8 imply that the estimated famine effects shown in Table 5 should not be driven by the Cultural Revolution; otherwise the estimates using the urban sample, especially the urban women sample, would be similar as those in Table 5 . The estimates could still be biased if there were other post-famine programs targeting the specific population affected by the famine. For example, the government might invest more in provinces affected by the more severe famine. However, to the best of my knowledge, there were no such programs in China from the end of the famine to 2000.
Other potential biases in the estimates
Besides the biases due to the selection effects of children death in the famine and migration in the famine, which are discussed in Section 4.1, there are other potential biases in the estimates. I will discuss these biases in this section.
One might be concerned that people who were conceived before the famine might still be subject to the selective fertility decision on younger siblings. For example, for the treated group of cohorts born in February 1958-June 1959, their parents were less likely to have additional births in the following years due to the famine. However, for the comparison group of cohorts born in January 1954-January 1958, their parents could have more births in the following years. More siblings could dilute family resources allocated to children, especially in the famine. It means that the treated group could have been affected more by the famine if their parents had the same likelihood to have births as the parents of the comparison group, leading to downward bias in the estimates and meaning that the famine effects could be larger than estimated. 19 Almond et al. (2007) used total housing area and this paper uses housing area per capita. 20 B-scan ultrasound devices, which could be used to detect fetus's gender, were not widely introduced to China until 1970 s (Chen, Li, & Meng, 2010) . 21 Gregory & Meng, 2002a,b; Giles et al., 2008. 22 Urban sample includes cohorts born between January 1954 and June 1959; individuals in this sample lived in urban regions and had non-agricultural hukou in 2000.
The second concern comes from the possible measurement error in the famine intensity constructed. Because of the lack of precise information of the starting and ending time of the famine in different provinces, I assume that the famine started and ended at the same time in all provinces, and then construct famine intensity measurement accordingly. The existence of measurement error leads to attenuation bias in the estimation (Wooldridge, 2002) , meaning that the true effects of the famine could be larger than the effects estimated after controlling for fertility selections in this paper. Another consequence of measurement error in the famine intensity variable lies in that the finding that the famine effects are not statistically significantly different from zero if the fertility selections are not controlled for could be driven by the measurement error. However, in order to test the existence of positive fertility selections, what matters is the relative change from the estimates controlling for fertility selections to the estimates without controlling for fertility selections. Given that measurement error in the famine intensity variable leads both estimates (with or without controlling for fertility selections) toward to zero, the comparison of these two estimates should be less affected by, if not totally free from, the measurement error. It means that comparison between these two sets of estimates, as I do in this paper, can provide valid evidence for the existence of the positive fertility selections.
The third concern comes from the possible selection due to the analysis sample based on household registration status in 2000. By using this sample, those changing from agricultural hukou to non-agricultural hukou before 2000 are excluded, leading to a potential selection bias. An important way to change hukou from agriculture to non-agriculture is to enter technical colleges or universities (Chan & Zhang, 1999; Chan, 2009) . With the re-introduction of merit-based admissions to technical colleges or universities in the fall of 1979, the younger cohorts were more likely to have an opportunity to compete for college admissions than older cohorts. Therefore, the positive fertility selection cohorts (those born in July 1959-December 1961) might have the largest share of individuals completing college education and changing their hukou, then excluded from the sample, while the comparison cohorts (those born in January 1954-January 1958) might have the smallest share of such individuals. And the cohorts not affected by the fertility selections (those born in February 1958 -June 1959 were in the midst. Then in the estimation by comparing positive fertility selection cohorts with comparison cohorts, the estimated famine effects could be upward biased, meaning that the estimated famine effects could have been weaker. It actually supports the existence of the positive fertility selections. However, in the estimation by comparing cohorts not affected by the positive fertility selection with comparison cohorts, the estimated famine effects might also be upward biased, meaning that the true famine effects might not be as strong as estimated. But without further information, we cannot say more about the degree of this bias. Standard errors are calculated by clustering in province level; *significant at 10%; **significant at 5%; ***significant at 1%. Note:
(1) Labor supply is measured by the number of work days in Oct. 25-Oct.31 in 2000.
(2) Birth year fixed effects, birth province fixed effects, and interactions of provincial political variables (including ratio of CCP member in population in 1957 and ratio of people accommodated by commune mess halls in population in 1959) with an indicator for being affected by the famine in the first year of life are included in all specifications. (3) Logit models are also fit for dependent variable in columns 2 and 7. Marginal effects calculated from the Logit models do not change much compared to those shown in this table.
Conclusion
The famine in 1959-1961 not only caused about 30 million excess deaths, but might also have long term impacts on those survivors. This paper uses the China 2000 population census data to study this issue.
Using a rural sample from the China 2000 Population Census data and after controlling for positive fertility selections, I find that experiencing the famine in the first year of life had negative effects on women's adult outcomes. With death rate higher than the normal level by 0.1 percentage point in the famine, women affected by the famine in the early life had a 0.09 percentage point lower probability of completing high school and lived in less wealthy households (measured by smaller houses: 0.006 fewer rooms per capita and 0.07 square meters smaller housing area per capita). I do not find any significant effects of being exposed to the famine on men. In addition, I find that if fertility selections are not controlled for, the estimated effects of the famine become weaker by 70% on average.
In addition to revealing the long-term effects of China's 1959-1961 famine, these results have important implications for policy. Our findings point to a group (infant girls), which is particularly vulnerable to fluctuations in exogenous environments. As such, findings in this paper provide additional justification for interventions, such as nutrition-enhancement programs, social insurance schemes, public health investments, or policies ensuring food security, which protect infants from temporary environmental and economic shocks.
